Abstract. Mitochondrial DNA-depleted ρ 0 cells are resistant to apoptosis, but the mechanism remains unclear. A human hepatoma cell line (SK-Hep1) depleted of mtDNA (ρ 0 SK-Hep1) was induced by ethidium bromide treatment. The ρ 0 SK-Hep1 cells were resistant to both doxorubicin-and cisplatin-induced apoptosis, while cybrids (SK-Hep1Cyb) prepared by fusing ρ 0 SK-Hep1 cells with platelets showed restored susceptibility to both drugs. We observed P-glycoprotein and MRP1 were both overexpressed in ρ 0 cells, and more P-glycoproteins were localized in the mitochondria and were functionally active. ρ 0 cells showed resistance to chemotherapeutic drug-induced apoptosis. The increased expression and localization of P-glycoproteins in the mitochondria of ρ 0 cells may facilitate the exclusion of chemotherapeutic drugs from the mitochondria to the cytosol.
Introduction
Mitochondria are dynamic organelles that play a key role in cellular metabolism. They are sites where key cellular processes occur, such as oxidative decarboxylation of pyruvate, tricarboxylic acid cycle, fatty acid oxidation, cellular movement, cellular proliferation and apoptosis. Furthermore, mitochondria are involved in altered metabolism in cancer cells. Several notable differences between normal cells and transformed cells have been discovered in their mitochondria (1) .
Multidrug resistance (MDR) is a multi-factorial phenomenon and the major cause of chemotherapeutic failure in cancer therapy. MDR effectors include transporter glycoproteins such as P-glycoprotein/ABCB1, MRP1/ABCC1 and BCRP/ABCG2. It is known that the depletion of mitochondrial DNA (mtDNA) is relevant to tumorigenesis and multidrug resistance. However, whether and how mtDNA depletion affects the expression of molecules involved in drug resistance remains unclear.
It is implicated that mitochondria-mediated apoptosis is regulated by the B-cell lymphoma 2 (Bcl-2) family of apoptosis regulator proteins, including both anti-apoptotic and pro-apoptotic members. Two of the anti-apoptotic members, namely Bcl-2 and Bcl-xL, confer resistance to apoptosis induced by a number of stimuli, whereas pro-apoptotic proteins such as Bid, Bax, Bak and BH-3 domain-only proteins promote apoptosis (2, 3) . Therefore, the intracytosolic balance of members in the Bcl-2 family is critical for the maintenance of mitochondrial membrane integrity (4) . Bcl-2 forms heterodimers with Bax in vivo, and prevents Bax from oligomerization and insertion into the mitochondrial membrane (5, 6) . Previous studies demonstrated that TNF-related apoptosis-inducing ligand (TRAIL) induced the translocation of Bax from cytosol to mitochondrial membrane in SK-Hep1 cells, and that the absence of this translocation was partly responsible for the resistance of the mitochondrial DNA-deficient cells (ρ 0 SK-Hep1) to TRAILinduced apoptosis. However, SK-Hep1 and ρ 0 SK-Hep1 cells are both susceptible to antagonistic anti-Fas antibody (CH-11), TNFα or staurosporine (7, 8) .
MtDNA-depleted mammalian cell lines, defined as ρ 0 , can be induced by long-term culture in the presence of compounds such as ethidium bromide (EtBr) that damage mtDNA and inhibit mitochondrial replication (9) . ρ 0 cells and their cybrids are interesting models for investigating the influences of different mtDNA genomes (haplotypes) on a variety of cell functions. Because mitochondria are pivotal components of the apoptotic cell death machinery, ρ 0 cells are also employed to study drug toxicity and cell death (10) (11) (12) (13) .
It has been shown that the overexpressions of P-glycoprotein (P-gp) and MDR-associated proteins (MRPs) such as MRP1 and MRP2 mediate pump-related multi-drug resistance in many different cancer cells (14, 15) . For examples, P-gp is expressed in the mitochondria of drug-resistant P1 (0.5) cells, but not in the mitochondria of drug-sensitive P5 cells (16) . The release of cytochrome C from mitochondria to the cytosol is blocked in MDR cells, and this appears to be dependent on the overexpression of Bcl-xL (17) . In this regard, mitochondrial expression of P-gp may protect the mitochondrial DNA from damage caused by anticancer drugs, and may be involved in the blockage of cytochrome C release into the cytosol in MDR cells. However, Munteanu et al (18) showed that in a human myeloid leukemia cell line (parental-sensitive cells and doxorubicin-resistant cells) K562, P-gp worked in the opposite direction by increasing the influx of anticancer drugs into the mitochondria.
We hypothesize that not only the expression of P-gp, but also those of Bcl-2 and Bax in the mitochondria interfere with apoptosis and multi-drug resistance. To elucidate the mechanism by which multi-drug resistance occurs, in this study, we investigate the role of mitochondria in doxorubicin-induced apoptosis, as well as mitochondrial expressions and localizations of Bcl-2, Bax and P-gp in whole cells and subcellular fractions using immunofluorescent confocal microscopy, flow cytometry and Western blot analyses.
Materials and methods
Reagents. Doxorubicin (DOX), cisplatin (DDP), vincristine (VCR), 5-fluorouridine (5-FU) and Rho123 were purchased from Sigma. MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] was obtained from Biomol. Anti-Bax, anti-Bcl-2, anti-P-gp, anti-MRP1 and anti-actin monoclonal antibodies were from Santa Cruz Biotechnology. MitoTracker Red CMXRos dye was purchased from Invitrogen. The Annexin V-FITC/PI apoptosis detection kit was from Nanjing KeyGen Biotech Co., Ltd. (Nanjing, China). Cell culture supplies were purchased from Corning Life Sciences (Lowell, MA, USA). Anti-tumor agents were prepared with complete culture medium immediately prior to use.
Cell lines and cultures. Human hepatoma cell line SK-Hep1 was obtained from the Institute of Biochemistry and Cell Biology, Chinese Academy of Life Sciences (Shanghai, China). The cells were grown in DMEM (Life Technologies) supplemented with 10% fetal bovine serum (FBS), 100 U/ml penicillin, and 100 µg/ml streptomycin in a humidified atmosphere of 5% CO 2 at 37˚C. Drug treatment was performed as described (19) . Cell death was determined by trypan blue exclusion assay.
Derivation of ρ
0 cells. SK-Hep1 cells were cultured in the presence of 100 ng/ml EtBr for >20 generations (ρ 0 cells) (20) . After 20 generations, mtDNA depletion was confirmed by PCR and Southern blot analysis (20, 21) . The ρ 0 SK-Hep1 cells were maintained in DMEM supplemented with 10% FBS, 50 µg/ml uridine and 100 µg/ml sodium pyruvate (ρ 0 culture medium).
Fusion of ρ 0 SK-Hep1 cells with platelets.
Human platelets were isolated according to a published procedure (22) . Specifically, whole blood was heparinized at room temperature, mixed with 1/10 volume of 0.15 M NaCl and 0.1 M trisodium citrate (pH 7.0), and centrifuged at 150 x g for 14 min at 4˚C. The top 3/4 of platelet-rich plasma was removed and centrifuged at 2300 x g for 30 min at 4˚C. The pellet was re-suspended in 10 ml of physiological saline (0.15 M NaCl and 0.015 Tris-HCl buffer pH 7.4 at 25˚C). Platelets (1x10 7 ) and ρ 0 SK-Hep1 (5x10 5 ) cells were mixed in PBS and centrifuged at 160 x g for 5-10 min. The supernatant was aspirated and a polyethylene glycol solution [5 g PEG2000 (Amresco, USA), 1 ml 10% dimethylsulfoxide, and 4 ml DMEM] was added. After one minute, the suspension was diluted with 10 ml of DMEM supplemented with 10% FBS, 50 µg/ml uridine, and 100 µg/ml sodium pyruvate, and then distributed into five 25-ml culture flasks (Corning Costar, USA). Three days later, the uridine and pyruvate-containing medium was replaced with selective media (DMEM supplemented with 10% FBS, ρ 0 test media). Individual clones were isolated three weeks after fusion (23) .
Analysis of mitochondrial DNA
PCR. To compare the mtDNA content in parental, ρ 0 SK-Hep1 and SK-Hep1Cyb cells, total DNA was extracted using Omega E.Z.N.A. Tissue DNA Kit (Omega, USA) according to the manufacturer's instructions. PCR amplification of human mtDNA was performed in a 50-µl reaction mixture, which contained 0.25 units of Taq DNA polymerase (Takara, Japan), dNTP, template and 10 pmol each of the primers specific for human mtDNA (COX I and COX II) or human nuclear DNA (Table I) . PCR was performed using a GeneAmp thermocycler (Perkin-Elmer) as follows: pre-denaturation for 5 min at 94˚C, and 30 cycles of denaturation for 30 sec at 94˚C, annealing for 30 sec at 55˚C, and extension for 60 sec at 72˚C, followed by a final extension of 10 min at 72˚C. PCR products were subjected to 1.1% agarose gel electrophoresis and stained with EtBr for examination.
Southern blot analysis. Total DNA (6 µg) was digested with EcoRI (New England BioLabs, Ipswich, MA) and fractionated by electrophoresis in a 0.8% agarose gel at 22 V for 18 h. DNA was transferred to nylon membranes (Ros). Biotin-labeled DNA probes were prepared using the North2South Biotin Random Prime Labeling Kit 17075 (Pierce, USA). Southern hybridization was performed according to the instructions of the North2 South Chemiluminescent Hybridization and Detection Kit 17097 (Pierce, USA).
Measurement of mitochondrial membrane potential (∆Ψ m ). Cells were grown on a slide at a density of 2x10 4 MTT assay. The MTT viability assay was performed with slight modifications as previously described (24) . The growth characteristics of SK-Hep1, ρ 0 SK-Hep1 and SK-Hep1Cyb cells were assessed in the same culture medium. Cells were seeded into 96-well plates at a density of 3x10 3 /well and cultured at 37˚C. After 24 h, cell number was calculated after trypan blue staining for five continuous days.
Cytotoxicity assay. Cytotoxic effects of doxorubicin were analyzed using MTT assay. Cells (4x10 4 ) were seeded in a 24-well plate and treated with various concentrations of doxorubicin (0, 0.01, 0.1, 1, 10 and 100 µg/ml) for 48 h. Cells were then trypsinized, harvested and enumerated after trypan blue staining. Experiments were performed in triplicates, and the mean values, IC 50 and RI were calculated (25) . The cytotoxic effects of cisplatin, vincristine and 5-fluorouridine were evaluated using the same method.
Annexin V assay. Apoptosis was assayed with the Annexin V-FITC apoptosis detection kit according to the manufacturer's instructions. Briefly, 2x10
5 cultured cells were collected, washed twice and re-suspended in 100 µl binding buffer, and then incubated with Annexin V-FITC at room temperature for 10 min followed by the addition of 6 µl propidium iodide (PI; 20 µg/ml) and incubation for 5 min. Fluorescent intensities were determined by flow cytometry.
Measurement of ROS production.
To detect the production of ROS, cells were loaded with the membrane-permeable 2,7-dichlorofluorescein diacetate (DCFHDA), which was hydrolyzed to non-fluorescent DCFH that reacted with ROS to produce the highly fluorescent DCF. Cultured cells were incubated with or without 5.0 µg/ml doxorubicin for 8 h, followed by the addition of phenol red-free media containing 20 µM DCFHDA and incubation at 37˚C for 30 min. Cells were washed three times with PBS (pH 7.4) and analyzed using flow cytometry.
Preparation of mitochondrial fractions. Cells were washed twice with ice-cold PBS, and the pellet was suspended in 500 µl ice-cold buffer A (20 mM HEPES, pH 7.5, 1.5 mM MgCl 2 , 10 mM KCl, 1 mM EDTA, 1 mM EGTA, 1 mM dithiothreitol, 0.1 mM phenylmethylsulfonyl fluoride, and 10 µg/ml each leupeptin, aprotinin and pepstatin A) containing 250 mM sucrose. To lyse the cells, the cell suspension was passed through a 26-gauge needle fitted to a syringe five times. The un-lysed cells, membrane debris and nuclei were removed by centrifuging the homogenates at 1000 x g for 10 min at 4˚C. The supernatant was subjected to 10,000 x g centrifugation for 20 min at 4˚C. The pellet fraction (i.e. mitochondria) was first washed with buffer A containing sucrose and then solubilized in 50 µl TNC buffer (10 mM Tris-acetate, pH 8.0, 0.5% Igepal CA-630, and 5 mM CaCl 2 ). The supernatant was re-centrifuged at 100,000 x g (4˚C, 1 h) to generate cytosol.
Immunofluorescence analysis. Cells were cultured on chamber slides, treated with doxorubicin for 8 h, washed with DMEM-10% FBS, and incubated in the corresponding media containing 100 nM MitoTracker Red for 30-45 min. Following incubation, cells were washed twice in PBS and fixed with 4% paraformaldehyde for 30 min at room temperature, and fixed in ice-cold 100% methanol for 10 min. Cells were washed three times with PBS, and non-specific binding was blocked with 2% horse serum-0.5% Triton X-100-0.02% NaN 3 in PBS for 20 min. Cells were then incubated with anti-Bax and anti-P-gp antibodies in PBS at room temperature for 90 min, and washed three times with PBS. Cells were then incubated with FITC and TRITCconjugated secondary antibody for 40 min, washed three times with PBS and incubated with 4' , 6-diamidino-2-phenylindole (DAPI) for 5 min. After three final washes with PBS, the slides were mounted for observation under a confocal laser scanning microscope and analyzed with the Leica TCS SP2 confocal laser imaging system (Leica Microsystems, Wetzlar, Germany).
SDS-PAGE and Western blot analysis.
The cells were harvested, washed with PBS, re-suspended in 50 µl lysis buffer (20 mM HEPES, pH 7.4, 2 mM EGTA, 50 mM glycerophosphate, 1% Triton X-100, 10% glycerol, 1 mM PMSF, 10 µg/ml leupeptin, 10 µg/ml aprotinin and 10 µg/ml pepstatin), and incubated on ice for 30 min. After centrifugation at 20,000 rpm for 30 min at 4˚C, three volumes of Laemmli's sample buffer (0.625 M Tris-HCl pH 6.8, 10% β-mercaptoethanol, 20% SDS, 20% glycerol, and 0.004% bromophenol blue) was added to the supernatant and samples were boiled (100˚C) for 5 min. Proteins were separated by SDS-PAGE and transferred onto nitrocellulose membranes (Roche, USA). The membranes were probed with anti-Bcl-2, anti-Bax, anti-MRP1, anti-P-glycoprotein or anti-actin antibody in TBST buffer (10 mM Tris-HCl, 0.1 M NaCl, 0.1% Tween-20, pH 7.4) containing 5% skim milk overnight at 4˚C. Incubation with secondary antibodies conjugated with horseradish peroxidase was subsequently followed. The membranes were washed thrice with TBST. Immunoreactive bands were visualized by enhanced chemiluminescence (Cell Signal Biosciences), and the expression level of protein was determined using Image quant TL software (Amersham Pharmacia Biotech).
Functional assay of mitochondrial P-gp. Mitochondrial fraction was prepared as described above. Mitochondria were suspended in buffer A and kept on ice until the experiment was performed (16) . All imaging experiments were performed at room temperature in buffer A. Whole isolated mitochon- dria from cultured cells were divided in test tubes to evaluate mitochondrial autofluorescence as well as the uptake and the efflux of Rho123 into and out of organelles. Rho123 (5 µg/ml) was added to the samples and incubated for 4 min at room temperature in the dark. After incubation, fluorescence of Rho123 in mitochondria was measured by flow cytometry. To estimate Rho123 efflux, mitochondria exposed to Rho123 were re-suspended in 2 ml buffer A and centrifuged at 450 x g for 5 min at 4˚C. They were then washed once with 2 ml buffer A and diluted in 500 µl buffer A. Samples were incubated for an additional 6 min at room temperature to allow Rho123 efflux from the mitochondria. After incubation, the fluorescence of Rho123 in each sample was determined by flow cytometry and measured with a flow rate of 2,000 events/sec. At least three independent experiments were performed for each assay.
Statistical analysis. Data were expressed as mean ± SD (X ± S).
Statistical analysis was performed with SPSS 13.0 software. Statistical significance between two groups was determined by paired or unpaired Student's t-test. Results for more than two experimental groups were evaluated by one-way ANOVA. A difference was considered statistically significant at p<0.05.
Results

Establishment of ρ 0 SK-Hep1 and SK-Hep1Cyb cell lines.
To establish the mtDNA-depleted cell line, SK-Hep1 cells were treated with media containing 0.1 µg/ml EtBr, 100 µg/ml pyruvate and 50 µg/ml uridine for 10 weeks, and the cell doubling time decreased from 25 to 21 h (Fig. 1A) . At that point, incubation in EtBr was discontinued. Viable cells were sub-cloned into EtBr-free (pyruvate/uridine supplemented) media. The clone, defined as ρ 0 SK-Hep1, was isolated and used in all the experiments described in this paper. This clone was then grown in ρ 0 test media (Materials and methods) with a gradual decrease in number and viability after several doublings due to the loss of mtDNA (data not shown). The ρ 0 SK-Hep1 cells were auxotrophic for pyrimidines and pyruvate.
Total DNA was extracted from SK-Hep1 and ρ 0 SK-Hep1 cells. PCR demonstrated that mtDNA was amplified from total DNA of SK-Hep1 cells but not ρ 0 SK-Hep1 cells; while β-actin gene, a nuclear DNA control, was amplified from both SK-Hep1 and ρ 0 SK-Hep1 cells (Fig. 1B) . For Southern hybridization, DNA was first digested with EcoRI, which was expected to cut mtDNA at three sites and produce three mtDNA fragments including the 7366-bp cytochrome C oxidase subunit gene. A probe for COX I and COX II detected a 7.4-kb band in DNA from SK-Hep1 cells but not in DNA from ρ 0 SK-Hep1 cells (Fig. 1C) . These observations demonstrated that the ρ0SK-Hep1 cells were entirely devoid of mtDNA (ρ 0 cells). ρ0SK-Hep1 cells were fused with platelets to obtain cybrids (SK-Hep1Cyb) and the mtDNA was detected both by PCR and Southern blot analysis in these cells (Fig. 1B and C Loss of ∆Ψ m in ρ 0 cells. Mitochondrial membrane potential was measured by flow cytometry using a MitoTracker Red flourescent probe. MitoTracker Red specifically detected mitochondrial inner membrane, and the intensity was greater with the increase of mitochondria membrane potential. ρ 0 SK-Hep1 cells lost mitochondrial membrane potential due to mtDNA depletion (P<0.01) (Fig. 1D) . Table II , when doxorubicin was used to treat SK-Hep1, (Table II) . Doxorubicin treatment led to typical signs of apoptosis in SK-Hep1 and SK-Hep1Cyb cells ( Fig. 2A) . After 48 h of incubation with increasing concentrations of doxorubicin (0, 0.1 and 1 µg/ml), the viabilities of SK-Hep1 and SK-Hep1Cyb cells decreased in a dose-dependent manner (Fig. 2B ). DAPI staining showed nuclear chromatin condensation and fragmentation into apoptotic bodies. ρ 0 SK-Hep1 cells were more resistant to doxorubicin-induced apoptosis (Fig. 2A) . The results suggested that the percentage of apoptotic cells in ρ 0 SK-Hep1 was significantly higher than those in SK-Hep1 and SK-Hep1Cyb (P<0.01). Similar results were obtained using the Annexin V assay (Fig. 2C and D) . In addition, SK-Hep1Cyb cells showed reverse resistance to doxorubicin when compared with SK-Hep1 (P<0.05) (Fig. 2C) . (Fig. 3A) , which was in agreement with the results of previous reports (6,7). However, the expression level of anti-apoptotic Bcl-2 was lower, and the expression level of pro-apoptotic Bax was higher in the cybrids SK-Hep1Cyb cells when compared with those in SK-Hep1 and ρ 0 SK-Hep1 cells. Korsmeyer et al (26) demonstrated that a pre-set ratio of Bcl-2/ Bax determined the survival or death of cells following an apoptotic stimulus. We found that the Bcl-2/Bax ratio was the highest in ρ 0 SK-Hep1 cells, but was the lowest in SK-Hep1Cyb cells (Fig. 3B) , which might partly contribute to the multi-drug resistance of ρ 0 SK-Hep1 cells. Immunofluorescent analyses were performed to investigate the localization of Bax in untreated and doxorubicin-treated cells. In SK-Hep1 and SK-Hep1Cyb cells, Bax was diffusely distributed before doxorubicin treatment (Fig. 4A) . However, after 6 h of doxorubicin treatment, Bax redistributed from cytosol to the mitochondria (27) (Fig. 4A) . A large proportion of the SK-Hep1 and SK-Hep1Cyb cells displayed a punctuated The expression of Bax was decreased in the cytosolic fraction, but increased in the heavy membrane fraction when SK-Hep1 and SK-Hep1Cyb cells were treated with 5.0 µg/ ml doxorubicin for 6 h (Fig. 4B) , indicating that doxorubicin induced the translocation of Bax from cytosolic fraction to heavy membrane fraction. However, the expression of Bax remained stationary in cytosolic fraction of ρ 0 SK-Hep1 cells before and after doxorubicin treatment, and only a small amount of Bax translocation to heavy membrane fraction was observed after doxorubicin treatment (Fig. 4B) . After 6 h of doxorubicin treatment, the fluorescent intensity of DCF increased significantly in parental and cybrid cells but not in ρ 0 cells, suggesting that doxorubicin enhanced the production of radical oxygen species (ROS) in cells with intact mitochondrial function but not in mitochondrial DNA-depleted cells (Fig. 5) .
Cytotoxicity of drugs in human hepatoma cells. As shown in
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Expression levels of P-gp and MRP1 were increased in ρ 0 SK-Hep1 cells and P-gp was localized in the mitochondria.
Western blot analysis showed that the expressions of P-gp and MRP1 were higher in ρ 0 SK-Hep1 cells than those in SK-Hep1 and SK-Hep1Cyb cells, and that MRP1 expression was lower in SK-Hep1Cyb cells than those in ρ 0 SK-Hep1 and SK-Hep1 cells (Figs. 3C and 6 ). Immunofluorescent analysis showed that P-gp was localized in the mitochondria of all three cell lines (Fig. 6 ).
P-gp-mediated accumulation and efflux of Rho123.
To demonstrate whether P-gp in the mitochondria was functionally active or not, we measured the accumulation and efflux of the fluorescent dye Rho123. Compared with SK-Hep1 cells, Rho123 accumulation in the mitochondria was reduced in ρ 0 SK-Hep1 cells, but restored to a similar level in the cybrids cells (Table III) 
Discussion
Although Bax translocation was observed in ρ 0 SK-Hep1 cells after doxorubicin treatment in our study, it was not adequate for apoptosis to occur. The translocation of Bax to mitochondria has been reported in several apoptosis models including those induced by TNF, staurosporine and cisplatin (27) (28) (29) (30) . The mechanism of the decreased Bax translocation in doxorubicintreated ρ 0 cells remains unclear. Uncontrollable production of ROS triggers the opening of the mitochondrial permeability transition pore and induces apoptosis and/or necrosis (31) (32) (33) . Our experiments suggest that decreased ROS generation following doxorubicin treatment in ρ 0 cells is likely responsible for the Bax translocation insufficiency and resistance to doxorubicin.
Activations of Bax and Bak are critical to the permeabilization of the outer mitochondrial membrane. Cytochrome C is released from mitochondria into the cytosol (12, 34, 35) . This release is suppressed by Bcl-2 in the mitochondrial. Mitochondrial Bcl-2 blocks the activation of Bax during ATP depletion, which is a critical event for mitochondrial outer membrane permeabilization and cytochrome C release. Bcl-2 heterodimerizes with Bax in vivo, and prevents Bax oligomerization and its insertion into the mitochondrial membrane (5, 6) . Characterized by the presence of Bcl-2 homology (BH) domains, these proteins can be pro-apoptotic or anti-apoptotic. In our study, ρ 0 SK-Hep1 cells had a loss of ∆Ψ m , and were more resistant to doxorubicin than SK-Hep1 cells. But after repletion of mtDNA, the sensitivity of the ρ 0 SK-Hep1 cells to doxorubicin was restored. After SK-Hep1, ρ 0 SK-Hep1 and SK-Hep1Cyb cells were treated with 5.0 µg/ml doxorubicin for 4 and 8 h, typical signs of apoptosis were induced in SK-Hep1 and SK-Hep1Cyb cells, and ROS generation was also increased. P-gp functions as a pump and extrudes anticancer drugs and other compounds from the cells (14, 36, 37) . MDR can be intrinsic or acquired during chemotherapy, and is characterized by the fact that cells show cross-resistance to a variety of structurally and functionally unrelated drugs (38) . The overexpression of P-gp and MRPs, such as MRP1 and MRP2, are the main causes of pump-related multidrug resistance in different cancer cells (14, 15) . Mitochondrial expression of P-gp protects the mitochondrial DNA from damage caused by anticancer drugs, and might be involved in the mechanism by which MDR cells block the release of cytochrome C into cytosol, which appears to be dependent on the overexpression of Bcl-xL. Because the overexpression of P-gp blocks Figure 5 . ROS is inhibited in ρ 0 SK-Hep1 cells. Cells were treated with 5.0 µg/ml DOX for 0 (top) and 8 h (bottom). ROS production was detected with 2,7-dichlorofluorescein diacetate (DCFHDA). ROS production in parental and cybrid cells were about two times more than that of ρ 0 cells (p<0.01), but the difference between parental and cybrid cells was not significant (p>0.05).
the release of cytochrome C into the cytosol after apoptotic stimuli, it is tempting to hypothesize that drugs inhibiting the MDR phenotype may also reverse the release of cytochrome C and thus revert the drug-resistance. Minko et al (39) demonstrate that resistant MCF-7 cells treated with doxorubicin alone have increased levels of Bcl-2. A related study shows that verapamil treatment preferentially induces apoptosis in MDR cells and the overexpression of Bcl-2 inhibits this apoptosis (40) . The overexpression of Bax proteins sensitizes cancer cells to several chemotherapeutic agents (41) . Bcl-2 overexpression in tumor cells results in MDR to a broad spectrum of anticancer drugs and is correlated with a poor response to chemotherapy in many human cancers (42) . We show here an increased expression of anti-apoptotic activity (Bcl-2 overexpression) and a significant overexpression of pro-apoptotic signal (Bax expression) in ρ 0 cells. However, in SK-Hep1Cyb cells, the expression of Bcl-2 is decreased, and the expression of Bax is higher than that in parental cells. An increase in Bcl-2/ Bax ratio may represent the inactivation of a pro-apoptotic mitochondria-derived signal. There might be functional P-gp localization to the mitochondria, which is responsible for the changes in the expressions of Bcl-2 and Bax and the resistance to doxorubicin-induced apoptosis in ρ 0 SK-Hep1 cells. We have observed insufficient Bax translocation in ρ 0 cells. The above partly explain the resistance to doxorubicin-induced apoptosis of ρ 0 SK-Hep1 cells.
In addition to efflux pump activity, P-gp and MRPs are also involved in augmenting tumor cell survival by protecting drug-resistant cells from anticancer drug, Fas ligand, TNF-α, and UV irradiation-mediated activation of caspase-dependent apoptosis. Accordingly, the up-regulation of P-gp is associated with the overexpression of the anti-apoptotic Bcl family proteins (43) and the inhibitions of caspase-8 and caspase-3 (39) .
To investigate the mitochondrial P-gp function, accumulation and efflux of Rho123, a mitochondrion fluorescent probe with strong analogy with anticancer drugs were evaluated in isolated mitochondria from parental cells, ρ 0 cells and the cybrids cells. Results of these experiments completely agree with those obtained in whole cells. Rho123 accumulation is significantly reduced in isolated mitochondria of ρ 0 cells compared to their parental cells. The reduced mitochondrial fluorescence of ρ 0 cells is probably due to the P-gp-mediated Rho123 efflux.
In conclusion, our study reveals that ρ 0 SK-Hep1 cells are resistant to both doxorubicin and cisplatin, while cybrids (SK-Hep1Cyb) exhibit restored susceptibility to both drugs. Bax translocation to mitochondrial membrane is partly inhibited in ρ 0 cells with an increased Bcl-2/Bax, suggesting that a depletion of mitochondrial DNA may contribute to MDR by developing apoptotic resistance in hepatoma cells. In addition, the overexpressions of P-gp and MRP1 are found in ρ 0 cells, and P-gp has mitochondria localization in all three of these cell lines. However, the function of P-gp localization to the mitochondria requires further investigation.
